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This invention deals with copolymers of (A) 
esters of methacrylic acid and saturated .aliphatic 
monohydric alcohols of 16 to 18 carbon atoms 
and (B) vinyl esters of saturated aliphatc mono- 
carboxylic acids of 6 .to !2 carbon atoms, the 
proportion of methacrylic ester groups (A) to 
vinyl ester groups (B) being from 1 : 1 to 1:12 on a 
molar basis. 
This invention also relates to compositions of 
matter comprising a wax-containing hydrocarbon 
liquid having dissolved therein at least one of 
the above-defmed cop0mers in an amoùnt s.uf- 
ficient t e depress thepou r point of'th e said liquid. 
Various polymers and interpolymers of un- 
saturated esters have been proposed. But ,among 
these there do hot appear the particular copoly- 
mers based upon the particular esters and in the 
proportions here required for the p .ur.P0s_¢s of 
this invention. 
While proposais have been made to 
many types of resinous materials in oils, in rl a- 
tively .few cases bave such materi.als caused a 
depression of the pour point of 0iis. some P0!y- 
meric products merely thicken the off and sçme 
may improve the temperature,iscosity e!at.i0n- 
ship. The pour point may.remain unaltered. In 
some instances it may be .raised  0ccai0nally 
the pour point may be deprçsed , but this effe¢t 
bas not been pedictable. 
We bave 0bserved tht polymers of. cetyl 
methacr-ylate, octadecy! methacrylate, vinyl hex0- 
are, vinyl octoate, vinyl isononote, and the like 
d0 not lower the pour point foils or other hydro- 
carbon fluids having waxy pour points when in- 
dlvidual polymers are dissolved therein or when 
mixtures Of such polymers aye present in thê 5ils 
or fiuids. In contrast to this situation we hav e 
discovered that copolymers of alkyl methacry- 
lates, ROOCC(CH)=CH, where R is an alkyl 
roup having a chain of 16 to !8 carbon atoms, 
and of vinyl esters of aliphatic monocarboxylic 
açids, R'COOH, wherein R' is an alll group 
having 5 to. loE carbon atoms are effective pour 
Point depressants when the copolymers are 
formed from .mixtures of the two defined types 
of esters in mole ratios from 1:1 to 1:12. 
There are :thus copolymerized a methacrylic 
ester such .as cetyl, heptdecyl or octadecyl 
methacrylate as 0ne type Of ester and aS a sec- 
ond type of ester a vinyl ester, representative 
o which are vinyl hexoate, vinyl isoheptanoate, 
vinyl heptanoate, vinyl octoate, vinyl 2ethyl- 
hexoate, Vinyl 3,5,5-trimethylhexoate, vinyl deca- 
noatel or i.ny. 1: !urate. The ydrocarbon ch.in 
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of the acid forming the ester may be of straight, 
or branched chain structure. 
Preparation of esters of the above types is 
well known. The methacrylates may be made 
5 direct esterification of acid and long-chained 
alcohol. Vinyl esters may-be ruade by reaction of 
acetylene and monocarboxylic acid in the pres 
ence of a zinc or cadmium salt, particularly: a 
salt of the acid being reacted. Esters of proper 
10 size may also be prePared from lower esters by 
displacement of a small group with a larger. 
In the prepavation of the copolymers of this 
invention it is necessary that conditions be chosen 
which ensure copolymerization and the forma- 
15 tion of soluble copolymers. Copolymerization is 
usually best effectedin a solvent, such as benzene, 
toluene, xylene, or a petroleum naphtha. Co- 
Polymerization may also be effected diectly in 
a minerai off, such as a lubricating off. A cata- 
20 lyst is added to the solution Of the monomers. 
The amount of catalyst used. mayvary fröm about 
2% to 12% or more of tle weight of the mono- 
mers. It is generally desirable to start with a 
small amount of catalyst and add catalyst from 
25 rime to tirne as c0Polymerization proceeds. S01- 
vent may also be added from time-to rime. Een 
though copolymerization may be initiated Wïth- 
out solvent, it is generally deirable o add S01- 
vent as copolymerization pr0ceeds to Cs.u_e 
30 homogeneity of the copolymer or s01ut,içn 0f  tie 
copolymer. 
Temperatues of Copolymeri.zation rom abqt 
ï5 ° C. to 140 ° C: may be use.d. One temperature 
may be used at thç s.tar an ohrs as 
35 merization proceeds optfl-nm mpeça.tures 
pend upon s_o!vent selecteçl, conc_entr, ation 
monomers therein, catalyst selected, and rime. 
Such factors should be fixed with  reference t0. 
intended molécuiar Size of çop01ymer and-wïth 
40 regard for maintaining the copolymçr in an 0fl- 
?Soluble forrn. Ad.herence to conditions described 
will usually ensure such a soluble copolymer. If 
" elation should occur as th!:ough faflure t.e ob- 
serve proper c.onditions, it is best  discard 
45 product. "Under thê comlitions here desCli 
copolymers having apparent mo!eular weig 
fom about 1000 t0 50000 may be prepa:ed: .......... 
Suitable catalysts for effecting ghe desiçed c0- 
polymerization include organi peoxides and 
50 acylic azo compouñds, such  as azodiisojùtYrbï: 
trfle. Suitable peroxides include acetYlperqx.id.e 
caproyl peroide, lauroyl peroxide, bengoy, per- 
oxide, dibenzal peroxide, di-tertJ-butyl, diler- 
phthalate, tert.-butyl perbenzoate, 2,2bis(:r.- 
55 butylperox$) butane, methyi ethy.i kebonë' 
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ide, dl-tert.-butyi peroxide, and tert.-butylhydro- 
peroxide. A single peroxide or several peroxides 
may be added fo the mixture of monomers or the 
copolymerizing mixture. 
If desired, the copolymer may be transferred 
from the solvent solution fo an oil. The solvent 
can be displaced by off with the aid of heat and 
reduced pressure. In this way concentrates of 
copolymer in off are ruade available. They are a 
convenient form for addition o waxy oils to pro- 
vide the relatively small amounts which are 
needed for pour point depressing action. 
The following fllustrative examples give fur- 
ther and more specific de,ails of typical prepara- 
tions of copolymers of this invention. 
Example i 
There were mixed 417 parts by welght of vinyi 
caproate, 83 parts of n-octadecyl methacrylate. 
19.6 parts oï tert.-butyl perbenzoate, and 500 
parts oï toluene. This mixture was slowly run 
into a reaction vessel equipped with stirrer which 
had been heated fo 121 ° C. and had been flushed 
with nitrogen. Additions of tert.-butyl perben- 
zoate were ruade as follows: at 2.75 hours, 7.8 25 
parts; at 4.5 hours, 19.6 parts; at 5.5 hours, 7.8 
parts; and at 6.8 hours, 3.1 parts. The tempera- 
ture was maintained between 110 ° and 121 ° C. 
for 4.25 hours and then at 100 ° C. until the end 
of the heating period--18.5 hours in al1. The re- 30 
action mixture was diluted with 500 parts by 
weight of toluene. The product was a 33.6% 
solution of copolymer in toluene. The viscosity 
of a 30 % solution in toluene was 8.2 centistokes 
at 100 ° . .35 
A portion of the above product was transferred 
to a light petroleum off by mixing 48 parts of the 
33.6% solution, 82 parts of the 30% solution, and 
61 parts of a ]ight lubricating off and heating 
the mixture to 140 ° C./2 mm. The resulting 40 
38.4% solution of copolymer in off was a particu- 
larly convenient form for adding the copolymer 
to wax-containing minera1 oils. 
Exa.mple 2 
There were mixed 141 parts of octadecyI meth- 45 
acrylate, 59 parts of vinyl hexoate, 1 part of ben- 
zoyl peroxide, and 200 parts of toluene. The 
mixture was run into a heated reaction vessel 
which had been flushed with nitrogen over the 
course of 1.7 hours. The temperature at the start 50 
was 120 ° C. and this was maintained for three 
hours, af the end oï which tLïae the temperature 
was lowered to 105°-100 . C. and held at this level 
untfl 7.75 hours, when heating was discontinued. 
Benzoyl peroxide was added in 0.5 part portions 5 
at 4, 5, 6, and 7 hours. The reaction mixture 
was dfluted with 87 parts of toluene. The prod- 
uct was a 39.4% solution of copolymer in to!uene. 
A 30% solution in toluene had a viscosity of 43 
centistokes at 100 ° F. 
Exaznple 3 
To the reaction vessel fitted with stirrer, reflux 
condenser, thermometer, and inlet tube for ni- 
trogen gas, there was added a mixtu2e of 75 parts 
of vinyl laurate, 25 parts of searyl methacrylate, 
7.5 parts of benzoyl peroxide, and 50 parts of 
toluene over the course of 1.8 hours with the 
temperature at 100 ° C. At 3 hours, a solution of 
3 parts of benzoyl peroxide in 17 parts of toluene 
was added. At 4 hours, the temperature was 
lowered to about 90 ° C. and kept at 88 ° C. to 90 ° 
C. during the test of the heating period. At 4.8 
hours, there was added 7.5 parts of benzoyl per- 
oxide suspended in 26 parts of toluene. At 5.3 
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hours, since the reaction mixture was becomlng 
quite viscous, 45 parts of toluene was added. At 
5.5 hours, addition was ruade of 3 parts of benzoyl 
peroxide in 21 parts of toluene and at 6.75 hours 
5 1 part of benzoyl peroxide in 21 parts of toluene. 
At 7 hours, 20 parts of toluene was added. Heat- 
ing was discontinued a.t 7.75 hours but stirring 
was continued until the reaction mixture had 
coo]ed to 40 ° C. The product was a 32.5% so]u- 
l0 tion of copo]ymer in to]uene. A 30% solution in 
toluene had a viscosity of 222 centistokes af 
I00 ° F. 
Example 4 
A mixture of 55 parts of viny] isononoate, 45 
15 parts of stearyl methacrylate, 5 parts of benzoyl 
peroxide, and 20 parts of toluene was slowly 
added to the reaction vessel heated to 100 ° C. 
This temperature was maintained for 4 hours 
and then copolymerization was continued af 90 ° 
20 C. until 7.6 hours. Additions Of benzoyl peroxide 
were marie as fo]lows: at 1.83 hours, 2 parts; at 
4.4 hours, 5 parts; at 5.4 hours, 2 parts; and at 
6.4 hours, 0.8 part. Additions of toluene were 17, 
50, 20, 20, 50, and 20 parts at 1.83, 3.1, 4.4, 5.4, 
5.5, and 6.4 hours respectively. The product was 
obtained as a 35.1% solution of copolymer in 
toluene. A 30% solution had a viscosity of 341.5 
centistokes at 100 ° F. 
A mixture of 130 parts of the 35.1% solution 
of copolymer and 152 parts of light mineral off 
were mixed and heated. The toluene was taken 
off under reduced pressure, heating being carried 
to 140 ° C./2 mm. The resulting product was a 
30% solution of copolymer in off, a convenient 
form for adding copolymer to way oils. 
Ex.ample 5 
A mixture was marie from 25 parts of vinyl 
2-ethylhexoate, 25 parts of a mixed octadecyl 
hexadecyl methacrylate (the ratio of octadecYl 
groups to hexa.decyl groups being 2:1), 2.5 parts 
of benzoyl peroxide, and 25 parts of toluene. A 
portion of 22 parts of toluene was placed in a 
reaction vessel and heated fo boiling. Thereto 
there was slowly added the bove mixture over 
the period of 1.7 hours. Another portion of 22 
parts of toluene was added when about two- 
thirds of the mixture had been added. Other 
additions of toluene were ruade at 2.8, 4.8, 5.8, 
and 6.8 hours in amounts of 9, 8, 9, and 8 parts 
respectively. Additions of benzoyl peroxide were 
1, 2.5, 1, and 0.4 part at 2.8, 4.8, 5.8, and 6.8 
hours respectively. Temperatures were held at 
110 ° to 120 ° C. until 4.3 hours and then at 
104°-105 ° C. Heating was discontinued at 7.75 
hours. A 31.2% solution of copolymer «as ob- 
tained. 
Exaznple 6 
n0 A mixture of 155 parts of cetyl methacryate, 
95 parts of vinyl 3,5,5-trimethylhexoate, 12.5 parts 
of azodiisobutyronitrile, and 100 parts of toluene 
was slowly added to the reaction vessel heated 
at 80 ° C. Heating was continued for 24 hours at 
65 about this temperature. From rime to time 
additlons o2 azodflsobutyronitrile and toluene 
were marie totaling 37 parts and 350 parts re- 
spectively. The product was a 37.5% solution 
of copolymer in toluene. A 30% solution had a 
70 viscosity of 17.5 centistokes af 100 ° F. 
Exaznple 7 
There were mixed 10.3 parts of cetyl meth- 
acrylate, 89.7 parts of vinyl laurate, 5 parts of 
75 benzoyl peroxide, and 100 parts of toluene, The 
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hatel af 120 ° C. and a tempertur6 of 120 ° 
112 ° C. was maintained for 3.6 hours and then 
of 100°:103 ° c. until the end of the heating 
period at 7.75 h0urs. Af hourly intervals small $ 
portions of benzoyl peroxide and toluene were - 
added, totaling 10 and 50 parts respectively. The 
p.r_oduct was g 3i.5% S0iutisn of copo!ymer in 
toluene. A 0% solution hgd a ,iscosity of 18 
centistokes af 100 ° F. 10 
The effect on the pour point of wax-C0ntaining 
hydr0carbons was determined by dissolving a 
defined copolymer in such hYdrocarbon fluid in 
rï mount-sufficient fo- dèPress the pour p0iiït 
arïd sbjeeting the resulting solution t0 the 1 
A. S. T. M. pour test (D97-47). In some in- 
stances, this test was supplemented or replaced 
with shock chilling and/or maximum pour tests. 
Cf. Proc. A. S. T. M. 45, appendix I, p. 244 (1945). 
The shock chilling determination is made by 0 
observing the sample during the initial cooling 
step with the cooling jacket af --60 ° F. 
The useful range for using the copolymers of 
this invention in hydrocarbon fluids is OErom a 
concentration of about 0.01% up fo about 5%. 5 
In any case, the amount of copolymer dissolved 
in a hydrocarbon of waxy pour point should be 
sufficient to depress the normal pour point of 
the said hydrocarbon. 
For the evaluation of the copolymers three oils 0 
were selected. One was a 150 Pennsylvania neu- 
tral having a pour point of -}-25 ° 1% (off I). This 
was an off which proved fo be relatively sensi- 
tive to the action of pour point depressants. A 
second off (off Il) was a 500 mid-continent sol- 35 
vent-extracted neutral (S. A. E. 30) having a 
pour point of ÷25 ° F. This was known fo be 
an off which was not readily changed as to ifs 
pour point. The third off (off III) was selected 
to study effects in heavy oils. It was an S. A. E, 40 
90 gear off, compounded from 30 parts of a 180 
Permsylvania neutral and 70 parts of a 150 
Pennsylvania bright stock. If had a pour point 
also of ÷25 ° F. 
A copolymer of octadecyl methacrylate and 
vinyl hexoate in a 1:6 mole ratio was dissolved 
in off I af 0.5%. This solution had a pour point 
of --5 ° F. Another copolymer from these esters 
in a 1:12 mole ratio gave pour points in off I 
of --15 ° F., --5 ° F., and 0 ° F. af 0.5%, 0.25%, 5O 
and 0.04% respectively. Copolymers based on 
mole ratios of 1:0.25 and 1:20 both gave pour 
points of ÷25 ° F. in off I af 0.5%. 
A copolymer OErom octadecyl methacrylate and 
vinyl 2-ethylhexoate in a 1:1 mole ratio gave 55 
pour points of --5 ° F., --5 ° F., and 0 ° F. af 0.5%, 
0.25%, and 0.1% respectively in off 1. 
A copolymer from octadecyl methacrylate and 
vinyl isononoate in a 1:2 mole ratio gave a pour 
point of --20 ° F. af 0.25% in off I, a pour point 60 
of --10 ° 1% in off II af 0.5% by shock chflling 
and by the maximum pour method, and a pour 
point of --5 ° F. in off III at 0.1%. 
A copolymer from octadecyl methacrylate and 
vinyl isononoate in a 1:3.8 mole ratio gave pour 65 
points of --15 ° F. and --5 ° 1% at 0.5% and 0.1% 
respectively in off I. A similar copolymer in a 
1:7.5 mole ratio gave a pour point of --10 ° F. 
in off I at 0.5 %. 
Copolymers from octadecyl methacrylate and 70 
vinyl laurate in mole ratios of 1:0.1 and 1:0.5 
gave pour points of ÷30 ° F. af 0.5% in off I. 
A copolymer from the same esters but in a 1:1 
mole ratio gave pour points of --20 ° F., --20 ° F., 
--15 ° F., and 0 ° F. in off I af 0,5%, 0.25%, 0.1%, 75 

III at0«l% gavéa pour point of 0 ° F, . 
A copolymer from the same esters b.pt" in  i:6 
mode ratio gave pour p0nts of 35 ° F. 30 ° 
and --20  F. at 0.5 %., 0.25%, and 0.1% relJeti;é 
ly in off I. In off II af 0.5 the pour.point:.   
15  F. by shock chflling: and in off IH af 0.1% 
--5" F. by the maxim pour test. 
A. co!ymer from he saine esters bu t i .i:  
mole ratio gave pou points of 35  F:, 10 F., 
and 10  F. ät 0.5% rspëCfively in off I bu 
was only slightly effective in ' the 0ther 
A C0polymer frbm cetyl mehacYlae- and  ii 
la,are in a 1:1 mole ratio - gave po oi.5 
0.25%; 0.1%, and 004% rCecivëÂy f off- 
A similgr copolymer 5ksed On a molë ti0 
1:12 gave pour points of -10  . af 0.5 fo 0.04 
in off I. 
A copolymer from cetyl methacrylate and viol 
3,5,5-tr!methylhexoate in a 1:12 mole ratio gave 
po points of --10  . ai concentrations from 
0.5 fo 0.1% in off I. 
A polymer of octadecyl methcrylate gave no 
depression of pour points. A poler of viol 
la,are was likewise ineffective. A mixte of 
these two polymers was not effective. Yet the 
copolymers of these two nds of esters are very 
effective in depressing pour points of wax-con-. 
taining oils. 
A copolymer from a methacrylic ester having 
cetyl and stearyl groups in about a 1:2 mole 
rtio and from vinyl laurate, the mole rtlo of 
methacrylate fo vinyl groups being 1:4.5, was 
prepared. A 30% solution thereof in toluene 
had a viscosity of 17 centistokes af 100  . In 
off I af 0.5% if gave a pour point of --35  F. and 
af 0.25% of 0  F. In off H if gave a PO point 
of --15  F. by shock clling. In off  if gave 
a PO point of 10  F. af 0.1. 
Ts coPolymer was dissolved af 2 in a lubri- 
cating off. The viscosities of this solution were 
6.26 centistokes af 210  F. and 53.0 centistokes af 
100  F., giving a viscosity index of 61. The off 
by itself bas viscosities of 5.25 centistokes af 
210  F. and 45.1 centistokes af 100  F., givi 
a viscosity index of 16. 
The copolymers of this ivention are new. 
They are characterized by their solubility in 
hydrocarbon fluids and their capacity for 
parting thereto an increase in scosity which is 
coupled with some improvement in scosity in- 
dex and lowering of po point when the pour 
point results from a wax content. These co- 
polymers are useful not only in potrole lubri- 
cating oils having waxy pour points but also in 
fuel ofls and diesel fels and the like. The fld 
hydrocarbons upon wch these copolymers act 
are generally from paraffinic or naphthec 
stock. These copolymers may be used in con- 
junction with other additives, such as anti-oxi- 
dants, oiliness agents, detergents, and the like. 
Comp0sitio based on the copolymers of this 
invention dissolved in a wax-containg hydro- 
carbon liquid usually contain from 0.01 fo 
of the copolymer. There are some oils which 
are so susceptible fo the action of the copo!ers 
that a concentration of even 0.01 or 0.02% gives 
a practical depression of the pour point. me 
oils advantageously may be treated with 5 or 
even more of one of these copolymers. This is 
particularly truc in cases in which an increase in 
viscosity or an improvement in viscosity index 
is desired along with depression of pour point. 
In most cases concentratio of 0.05% to 2 of 
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a copolymer are suïcient and highly effective for 
lowering the pour point and are preferred. 
We claim: 
1. A copolymer of (A) an ester of methacrylic 
acid and a saturated monohydric aliphatic al- 
cohol, ROH, in which R is an alkyl chain of 16 
to 18 carbon atoms, and (B) a vinyl ester of a 
saturated aliphatic monocarboxylic acid of 6 to 
12 carbon atoms, the molar proportion of the 
methacrylic ester (A) groups to the vinyl ester 
(B) groups being from 1:1 to 1:12. 
2. A copolymer of cetyl methacrylate and vinyl 
laurate, the molar ratio of methacrylate to vinyl 
groups being from 1:1 to 1:12. 
3. A copolymer of cetyl methacrylate and vinyl 
3,5,5-trimethylhexoate, the molar ratio of meth- 
acrylate to vinyl groups being from 1:1 to 1:12. 
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4. A copolymer of octadecyl methacrylate and 
vinyl laurate, the molar ratio of methacryiate to 
vinyl groups being from 1:1 to 1:12. 
WILLIA L. VAN HOlNE. 
5 LA. VERNE N. BAUEI%. 
HARPY T. NEHER. 
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